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COMPARATIVE CHEMISTRY OF SEBUM* 
TAPIO NIKKARJ, M.D.+ 
Sebum is the excretory product of the sebaceous 
glands. These glands are found in the s kin of all 
mammals excep~ whales and porpoises (Montagna. 
1963). The bulk of sebu m is a mixture of relative ly 
nonpolar lipids, most of which are synthesized d e 
novo by the gland. The lipid is excreted by a 
"holocrine mechanis m , whereby the lipid-laden 
cells dis integrate and pour their content s through 
the sebaceous duct onto the s kin s urface. One 
apparent function of sebum is to provide the s kin 
surface and hair with a hydrophobic coating. The 
preen gland of birds has a s imilar func tion, but it is 
not a sebaceous gland . The preputial glands of 
rodents are s pecialized sebaceous glands, used 
primarily for the re lease of pheromones. 
The c hemistry of sebum is interesting, because 
many compounds not found elsewhere i.n the body 
have been identified in sebum . As firs t was clearly 
shown by Wheatley (1956). the compos ition of 
sebum is remarkably species s pec ific. The applica-
tion of modern chromatographic methods to stud-
ies of sebum has greatly expanded our knowledge 
of its chemis try during the last two decades. There 
have been some comparative s tudies (Wheatley 
and J a mes, 1957; Nicolaides et al.. 1968. l970; 
Nikkari, 1969), but in m ost studies each investiga-
tor has worked on one s pecies only. The present 
review s ummarizes the results of different authors 
in a form that allows easier compa rison among 
various species. 
METHODS 
Collection of Sebum 
It is practically impossible to obtain pure uncon-
taminated sebum. Even in studies of the lipid extract of 
isolated sebaceous glands (Kellum, 1966, 1967). there 
exists the possibility of dermal contamination; a large 
proport ion of immature cells is also included in the 
specimen and it remains to be established whether 'there 
are any differences in lipid composition between these 
cells and mature sebum. It is easier to isolate the 
uncontaminated excretory product of preputial glands 
but, as will be discussed later, its composition differs 
strikingly from that of the t rue sebaceous glands. 
In all studies reviewed in this paper, the sebum 
samples were obtained by extracting the skin surface or 
hair with organic solvents. The methods used for collect-
ing the skin surface lipids and the problems associated 
with them have been discussed in detail (Nicolaides. 
1963: Whea tley, 1963: Nicolaides and Kellum. 1965; 
Nikkari, 19651. It is genera lly agreed that at normal levels 
of sebum excretion the major constituents of the skin 
surface lipids are of sebaceous origin. The contribution of 
the desquamating epidermal cells to the skin surface 
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lioids is ouant itat ivelv small but becomes important in 
studies of the minor constituents, e.!f., the human skin 
surface sterols. These problems will be emphasized when 
appropriate in this review. 
The Ana/vsis of Sebum 
The methods for analyzing sebum have been reviewed 
... by Haaht i (1961), :'\icolaides (1963). Wheatley (196:1). 
and ~ikkari I 1965). Slightly different methods have been 
applied by each author cited in the present review. 
Basically. two ditTerent approaches have been used: 
Anal_vs~~ of hydrn/ysi,~ product.~ . This involves saponifi-
cation of the sebum samr>le by heating it in an aqueous 
alcoholic solu1 ion ol potassium or sodium hydroxide so 
tha t the ester bonds in waxes, sterol esters, and glycerides 
are broken. The ether bonds in alkyl and alk-1-enyl 
glycerides are not affected by this trea tment. and any 
squalene or other hydrocarbons present in the original 
sample will remain unchanged . The neutral saponifica-
tion products ( ··nonsaponifiables") are subsequently ex-
tracted with an organic solvent of low polarity (usually 
n-hexane). The fa tty acids ("saponifiables") are ex· 
tracted similarlv after acidification of the alcoholic 
phase. In some s-tudies the saponifiable and nonsaponifi· 
able fract ions have been extracted together from the 
acidified alcoholic phase and have been separated subse-
quently by chromatographic procedures (Nikkari. 1965, 
1969; Nicolaides and Ansari, 1968) . Glycerol remains 
behind and is usually determined colorimetricalty. 
The nonsaponifiable material has been fractionated 
either by aluminum oxide column chromatography fol-
lowed by colorimetric quantification of squalene and 
sterols (Wheatley, 1954; Wheatley and James, 1957; 
Nicolaides and Wells, 1957; Downing el al., 1960) and 
determination of ?-dehydrocholesterol by ultraviolet ab-
sorption (Wheatley and James, 1957; Boughton and 
Wheatley, 1959), or by thin-layer chromatography (TLC) 
on silica gel G followed by analysis of all fractions with 
gas- liquid chromatography (GLC) (Nikkari and Haaht i, 
1964; Nikkari, 1965, 1969); the sterols have been further 
fractionated by TLC on silica gel impregnated with silver 
nitrate and finally identified by means ofGLC-mass spec· 
trometry (Miettinen and Luukkainen, 1968). 
The saponifiable material has been fractionated into 
unsubstituted and hydroxy fatty acids by thin-layer 
(Nikkari and Haahti, 1964; ;-.iikkari, 196.5) or column 
(Downing et al. , 1960; Downing, 1963) chromatography. 
The fatty acids have usually been analyzed as their 
methyl esters by GLC. The unsaturated fat.t.y acids have 
been identified by performing GLC before and after hy-
drogenation (Nikkari. 1965, 1969; Klirkkii.inen et al., 
1965; Wilkinson and Karasek, 1966); in the latter studies 
the peaks that did not correspond to straight-chain com-
ponents were considered to be branched-chain acids. 
More accurate figures for unsaturated and branched-
chain fatty acids have been obtained by fractionating the 
fatty acids before GLC on the basis of unsaturation on 
silicic acid impregnated with silver nitrate (see, e.g., 
Nikkari, 1965; Nicolaides and Ansari, 1968; Ansari et al., 
1970; Nicolaides et al., 1972). Individual unsaturated 
fatty acids have been further isolated by preparat ive 
GLC, and their double-bond positions have been deter-
mined by GLC of the aldehyde fragments obtained by re· 
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ductive ozonolysis (N icolaides et. al .. 1964, 1972; Nico-
laides and Ray, 1965; Nicolaides and Ansari. 1968; Ansari 
et al., 1970; Wilkinson , 1970). 
Analysis -of lipid class composition. This involves the 
study of unhydrolyzed sebum. After removal of the free 
fatty acids from an n -hexane solution of the lipid by ex-
traction with dilute alkaline ethanol- water, the lipid 
classes have been separated from each other by silicic 
acid column chromatography (Nicolaides and Foster, 
1956; Haahti, 1961; Nikkari, 1965; K iirkkiiinen et al., 
1965; Nicola ides, 1965; Nicolaides et al ., 1970, 1972) 
or preparative thin-layer chromatography on si lica gel G 
(N ikkari , 196.';; Wilkin son and Karasek, 1966) followed 
by purification and quantification of the fractions. Mono-
ester waxes and sterol esters ha,·e fu rther been separated 
by urea fractionation (:-.licolaides and Foster, 1956). 
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FIG. 1: The structures of the major aliphatic constitu-
ents of sebaceous materials. 
oxide (Nikkari, 1965; Kiirkkiiinen et al. , 1965; Wilkinson 
and Karasek. 1966). or magnesium oxide column chroma-
tography (Nicolaides et al., 1972). Downing eta!. (1969) 
and Snyder and Blank (1969) separated the lipid classe" 
by TLC, charred the s pots with sulphuric acid, and 
quantified the fractions by photodensitometry. 
THE S KIN SURFACE AND H.\IR I..IPIDS OF MAMMALS 
The structures of the major aliphatic compo-
nents found in sebaceous materials are shown i.n 
Figure 1. Table l , largely based on the classical 
-,1ata by Wheatley (1956), gives the available infor-
mat ion of the composition of the hydrolysis prod-
ucts and Table ll is a summary of the results ob-
tained by different authors on the lipid class com-
position of skin surface lipids. Since there has 
been no conclusive evidence that the paraffinic 
hydrocarbons found in skin surface lipids are of 
endogenous origin, they will not be discussed. 
Free Fatty Acidl:i and Glycerides 
Adult human sebum contains twice as much 
saponifiable as nonsaponifiable material, whereas 
in other species these fractions are about equal 
(Table l ). This is in accordance with the finding of 
Wheatley (1956) that whereas more than half ot 
human sebum is composed of triglycerides and 
free fatty acids, the seba of rodents, rabbit, and 
sheep contain less than 10 percent free fatty acids 
and pract ically no t riglycerides. These findings 
have been confirmed by other authors (Table m, 
and no demonst rable amounts of free fatty acids or 
triglycerides were found in lhe hair 1 ipids of 
chimpanzee, baboon, hamster. guinea pig, dog, 
cat, goat, or cow by qualitative TLC (Nicolaides et 
al., 1968). 
TABLE I 
Average percentage composition of the hydrolysis products of mammalian seba 
H uman Guinea Rat Mouse pig Rabbit S heep Ox Adult l\"ewborn• 
Reference: a b c d e e e e f g f 
Total nonsaponifiable 30 38 49 50 41 55 45 46 46 52 43 
Squalene 12 2.6 0.4 0 0 0 0 0 
Sterols 2.6 20 25 10 ~~ 21 3.9 26 39 14 
Monohydric alcohols 12 5 17 18 5.9 5.0 31 9.0 4.9 
Alkane· I , 2-diols pr• 6 2.9 28 Ll 2.2 2.5 3.4 
Total fatty acids 68 44 40 50 59 44 55 53 55 48 53 
a- hydroxy acids 4 6 0" o• pr• 14 
w-hydroxy acids 2 
pr - present. 
• Vernix caseosa. 
a. Nicolaides and Wells, 1957: ethyl ether washings of the scalp 
b. Wheatley, 1954 
c. Downing, 1963 
d. Nikkari and Haahti, 1964 ; Nikkari , 1965: pooled acetone extracts of fur 
e. Wheatley and James, 1957: as in d. 
f. Wheatley, 1956 
g. Downing et al. , 1960: hexane extract of wool 
h. Nikkari , 1969: acetone extract of cut hair 
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TABLE IT 
Aueral(e percentape composition of unhvdrolyzed lipids of sebaceous oril(in 
Skin surface Preputial ~land 
Human 
Rat Mouse Sbcep Rat Mouse 
Adult 1'\ewborn• 
Reference: a b c d e f II h j p j 
Squalene 9.:3 11 12 9 0.5 0.5 tr 1.5 
Free sterols 1.4 4.2 1.4 9 6 5 13 12+ 2 3 
Sterol monoesters 2.5 } 24 2.1 33 25 27 } 40 10 } 25t } 14 5 Monoester waxes 20 25 12 16 [' 17 5 48 
Diester waxes, type I 10 } 25 } 65 9 0 Diester waxes, type II 7 3 11 7t 0 
Glyceryl ether diesters } St lOt 14 Triglycerides 23 31 41 26 7 6 st 60 11 
Free fatty acids 27 14 16 0.5 1 2 2 tr 
Other 9 12 2 5 9 13 
Unidentified i 11 4 19 17 :31 11 
• Vernix caseosa 
t Identification bas been made on the basis of chromatographic mobility only 
tr = traces 
a. Nicolaides and Foster, 1956: ethyl ether soaks of scalps (2 pools) 
b. Haahti , 1961: acetone washings of backs of 4 subjects 
c. Downing et al., 1969: ethyl ether washings of foreheads of 17 subjects 
d. Kiirkkiiinen et at., I 965: three s ubjects 
e. 1\icolaides et al., 1970; 1972: one subject 
f. Nikkari. 1965: three pooled acetone extracts of the fur 
g. Nicolaides, 1965: pooled acetone extract of the fur 
h . Wilkinson and Karasek, 1966: pooled acetone extract of the fur 
i. Nikkari. unpublished data obtained by preparative TLC from an acetone extract of wool 
j. Snyder and Blank, 1969: a duplicate analysis of a pooled sample 
The free fatty acids are not present in sebaceous 
glands but are formed from the triglycerides 
through the action of lipases when the sebum 
reaches the skin surface (Nicolaides and Wells, 
1957; Nicolaides, 1963; Kellum, 1967). Skin bacte-
ria contain lipolytic enzymes (see, e.g., Freinkel 
and Shen. 1969: Marples et al., 1971) . No other 
esters. either in human or animal sebum, are 
known to be hydrolyzed to the same extent as 
triglycerides (Nicolaides, 1963; Downing, 1970). 
One-fourth of vernix caseosa lipid is triglyceride, 
but free fatty acids are virtually absent, as in the 
preputial gland lipid of rat and mouse. The ab-
sence of triglyceride lipase from the sterile environ-
ments where these lipids originate favors a bacte-
rial origin of this enzyme. 
Monohy dric Alcohols and Monoester Waxes 
Aliphatic monohydric alcohols are present in all 
seba studied. They are constituents of both mono-
ester waxes and type I diester waxes, and their 
concentration is roughly proportional to the con-
tent of these two waxes (Tables I and II). 
The early work carried out on the elucidation of 
the composition and structure of monohydric alco-
hols in sheep and human sebum has been reviewed 
by Nicolaides and Ray (1965) and Nicolaides 
(1967). Four main types of chains have been found 
in both saturated and monounsaturated alcohols 
of human sebum (Nicolaides. 1967): (a) straight 
chains with an even number of carbon atoms. (b) 
straight chains with an odd number of carbon 
atoms, and monomethyl branched (c) iso and (d) 
anteiso chains. In addition, there are small 
amounts of other branched-chain alcohols . On the 
basis of gas chromatographic retention data, the 
same homologous series of monohydric alcohols 
occur in seba of all species studied so far. The 
chain lengths of these alcohols are generally rela-
tively long, and increase in the following order: 
adult human sebum <C, 0- C2 •• maximum at C2<,; 
Haahti and Horning. 196:3: Nicolaides. 1967): ver-
nix caseosa (C"-Ca6 , maxima at Cao and C2.: 
Karkkainen et al.. 1965); rat sebum (C 1.-C32, 
maximum at C24 ; Nikkari and Haahti, 1964); and 
sheep sebum (C 16-C33, maximum at Ca6- 21; Down-
ing et al., 1960). 
Monoester waxes occur in all seba, and when 
squalene is absent, they are the most nonpolar 
components. Their content is quite low in the seba 
of the mouse, the rabbit, and the cat, where di-
ester waxes are especially prominen t (Table ill), 
and in goat and cow sebum (Nicolaides et al., 
1968) where unidentified components, possibly 
diester waxes, form the bulk of the lipid. The 
monoester waxes of rat sebum were calculated to 
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possess an average molecular weight of 592 (Nik-
kari, 1965), which corresponds to an average chain 
length of 40 carbon atoms. The w11xes of human 
sebum ~re somewhat shorter: they have an aver-
age molecular weight of 562 (Nicolaides and Fos-
ter. 1956) and a chain-length distribution from C 28 
to c.2 with a maximum content at c34·16· as deter-
mined from direct GLC of the waxes (Haahti, 
1961). 
Hydrox\· Fatty Acids and Type I Diester Waxes ..., 
The sheep wool lanolin has Jon~ been known to 
contain appreciable amounts of hydroxy fatty 
acids. Downing et al. ( 1960) found that :30 percent 
of all fatty acids in l~nolin were a -hydroxy fatty 
acids (Table m. The structures of the esters from 
which hydroxyacids are liberated upon hydrolysis 
were unk110wn for a long time, although as early as 
1952 Tiedt and Truter were able to crystallize a 
Lanolin fraction that. upon saponification. ~tave rise 
to hydroxy acids. unsubstituted fatty acids, and 
monohydric alcohols. On the has is of the finding 
that the molecular weight of wool wax ester!'. was 
too high (about 800) to be accounted for by simple 
combination of the fatty acids and alcohols. Tiedt 
and Truter speculated that the fraction they had 
isolated could be a diester of the hydroxy fatty 
acid. Detection of a -hydroxy fatty acids in rat 
sebum (Nikkari and Haahli. 1964) and the obser-
vation that they were constituents of a polar wax 
fraction (Nicolaides, 196:); ::-.likkari, 1965) led to the 
final identification (Nikkari and Haahti. 1968) of 
what were called "type I diester waxes" 1:-.likkari. 
1965). i.e .. diesters of an a-hydroxy fatty acid with 
one molecule of unsubstituted fattv acid and one 
molecule of aliphatic monohydric ;lcohol !Fig. 1) . 
Since small amounts of sterols were found in the 
chromatographically purified frac tion. it was as-
sumed <Nikkari. 19651 that part of the type 1 
diester waxes contains a sterol in place of the 
aliphatic a lcohol ; howewr. the existence ol these 
"type l1l diester waxe~·· has never been substanti -
ated. 
The presence of type r diester waxes in sheep 
sebum has been confirmed 1 !\ ikkari. unpublished 
results) and it has also been demonstrated that 
thev form about twcHhirds of rabbit and c~t 
seb~m and about one-third oft he sehum of the cow 
(:-.likkari. 1969: Nicolaides et al.. 1970). There is a 
small amount of material with the chromato-
graphic mobility of type I diester waxes in dog and 
goat sebum as well (:'-iicolaides et al.. 19681 . 
Although a -hydroxy fatt y acid;; ha\·e been reported 
to occur in vernix caseosa (Downing, 1963; Kiirk-
kainen et aJ., 1965), type I diester waxes have been 
found neither in vernix caseosa nor in adult human 
sebum. 
The average molecular weights of all type I 
dieslers are quite sim ilar with each other and with 
the molecular weights of type [! diester waxes and 
triglycerides of sebaceous origin (Table 1m. Al-
TABLE ill 
Concentration and propertie.~ of diester waxes and 
triglvcerides in mammalian seba• 
CCln - Perccntn~c molar dist rihu-Average tlon ul chaam .. • tent rnolecu· 
Ill lar Saturated 
•ellum l 'n•at · 
,, weight• urated Strui)lht Branched 
Tvpe I u·a:ces 
Rat 10" 869 41 :10 29 
Rabbit 66' 83.5 90 7 3 
Cat 66' 831 73 19 8 
Sheep 9" 
Cow :3.5' 100• 
Type II u·ares 
Vernix 8 852 21 .52 ? -
-I 
Baboon 21' 
Rat 11" 854 46 39 15 
Mouse 
I 
61'" 869 54 13 3:~ 
Guinea pig 18' 892 ·17 19 34 
Dog 46' 856 33 64 3 
Sheep 7" 
Tri~Jl.vceride8 
Adult man 23' 846' 
Vernix' 26 828 47 2.5 28 
• Calculated from average chain weights determined 
by GLC 
o. Nikkari. 1969: b. Nikkari. 1965: c. ~icolaides et al.. 
1970: d. P.'ikkari. unpublished results: e. Nicolaide~ and 
Fm:ter, 1956: f. Calculated un the basis ot the data of 
Karkkainen et a\.. l96F,. 
though the rat wax has a sl iJ(htly higher averal!e 
molecular weight than that of the rabbit and the 
cat , they all may possess sim ilar physical proper-
ties because the rat wax has a large proportion or 
branched and unsaturated chains. whereas thE' 
hydrocarbon chains in rabbit and cat wax are 
mostly saturated l'traight chains. The chains of the 
type I diester wax of cow sebum a re almost totally 
st.raighl and saturated (l'\icolaides et a\. , 1970). 
In hypophysectomized rats, the sebaceous gland 
activity is at a minimum and therefore is not 
lowered by the administration of estrogen tNikkari 
and Valavaara. 1969). The skin surface and hair of 
these rats still contain acetone-extractable lipids. 
the main components of which have TLC-mobili-
ties of type I diester waxes and sterol esters 
(:'-likkari and \'a\8\·aara. 1970). Thus. at least a 
part of the type I diester waxes may be of epider-
mal origin. 
Alkane- I. 2-diols and Type II Diester Waxes 
Alkaue-1.1-diols ha,•e been known to occur in 
wool wax (s~e Downing et al.. 1960). and 'Whea tley 
demonstrated their presence in the seba of the 
rodents and thE' rabbit as well (Table l). Thev 
contain the same types of saturated and monou~­
saturaled chains as the monohydric a lcohols but 
there are large species differences in the distribu-
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tion of these chains (Nikkari, 1969). In the sebum 
of the rat the 1.2-diols were found to be constitu-
ents of what were called ''type IT d iester waxes'' 
(N ikkari , '1965: Nikkari and Haahti. 1968). i.e .. 
diesters of alkane- L. 2-diols with unsubstituted 
fatty acids (Fig. 1) . Type ll diester waxes have 
si nce been discovered in all seba shown to contain 
dials and also in the sebum of the baboon and the 
dog (Nikkari. 1969: Nicolaides eta!.. 1970) . Their 
concentration (Table ill) shows a rough correla-
tion with that given for the diols in Table I. 
Wheatley ( 1956) reported the occurrence of 2 
percent a lkane-1, 2-diols on human skin surface, 
but thev have not been found bv other authors. :-.lo 
diester 'waxes have been detect.ed in adult human 
sebum, although a small amount of type II diester 
waxes can be isolated from \·ernix caseosa !Tables 
li and ITI). 
The "diol lipids·· (for a re\•iew, see Bergelson. 
1969) that occur in small concentrations in several 
animal tissues are basically sim ilar ~tructures to 
the type U diester waxes. bur their component 
diols have much shorter chains (C 2- C,l than those 
of the diester waxes. The maximum concentration 
of the IaUer is at C 18 in rat sebum (average chain 
weight 262) and between C,8 and C2, in the mouse. 
the guinea pig. the dog, the sheep. and vernix 
caseosa (average chain weights of 309, 3:24, 320, 
328. and 340, respectively) (Nikkari. 1969: Down-
ing eta!., 1960). Although the chain lengths of the 
diols from rat and vernix caseosa differ by as much 
as 78 daltons, the average molecular weights of the 
parent diester waxes (Table ill) are essentially 
equivalent (852 and 854. respectivel.v) because of 
reciprocal differences in the length of the fatty ac id 
chains. 
Similarities and Differences B etween Triplycerides 
and Diester Waxes 
The average molecular weights of the type II 
diester waxes are simil.ar to those of type I diester 
waxes and also to the average molecular weights of 
t riglycerides of human sebum (Table Ill). By 
direct GLC of waxes it was found that the max-
imum concentration of type II diester waxes from 
rats (Nikkari and Haahti, 1968) and mice (N icol-
aides et al., 1970) were at Cs8•5s and Css·s•· respec-
tively, and the maximum concentrations of the 
type 1 diester waxes from rats (Nikkari and Haahti , 
1968). rabbits, cats, and cows (Nicolaides el al., 
1970) were all a t C ...... T he average molecular 
weights of the triglycerides of adult human sebum 
and vernix caseosa correspond to an average car-
bon content of C.,.,. and C.2• 53, respectively. 
Because of their quite similar molecular sizes 
and chemical structures. the diester waxes and 
triglycerides could be expected to have similar 
physical properties. Why do most of the furred 
animals then have a sebum that contains diester 
waxes, and why does human sebum contain high 
concentrations of triglycerides? Teleologically it 
can be concluded that triglycerides must be benefi-
cia! for the bare skin surface and diester waxes for 
the hair . Free fatty acids liberated from the triglyc-
erides (but not from the waxes) have been ascribed 
antifungal and antibacterial proper-ties, and the 
monoglycerides may fun ction as emu ls ifying 
agents on the skin (Nicolaides et a l .. 1970). Since 
dieRter waxes are slightly less polar than t riglycer-
ides, they may afford better protection against 
wetting or the fur. especially since 1 hey are not 
broken down in the same way as the triglycerides. 
However. the chimpanzee does perfectly well with 
"'!. sebum that apparently contains neither triglycer-
ides nor diester waxes and has monoester waxes or 
sterol monoesters as its major component !Nicol-
aides et al.. 19681. More work on the chemical 
composition and physical properties of seba from 
differenL species is needed before any definite 
conclusions can be drawn about the significance 
and ·'function .. of various sebum consti tuents. 
The absence of free fatty acids and alcohols from 
the hair lipids of furred animals may be due to (a) 
the absence from the animal skin surface and hair 
of the sa me kind ot lipases that are present on the 
human skin surface. (b) conditions on the animal 
skin sur face that are unfavorable to the action of 
the lipases, or (c) resistance of the diester waxes to 
the action or these enzymes. Freinkel and Shen 
(1969) determined the pH optima of lipases pro-
duced by bacteria present on human skin . Other-
wise, the skin surface lipases have not been charac-
terized enzymologically. Pancreatic lipase hydro-
lyzes diesters of hexane-I, 6-diol with two mole-
cules of oleic acid (Mattson and Volpenheim, 
1972). which bear s6me resemblance to the type ll 
diester waxes. On the other hand. pancreatic lipa~e 
also splits esters of long-chain alcohols with fatty 
acids (Mattson and Volpenheim , 1969), i.e., mono-
ester waxes, which the skin surface lipase does not 
do (Nicolaides, 1963: Downing, 1970). 
The Fatty Acid Chains of Sebum 
The same four homologous series of both satu-
ra ted and monounsaturated chains that are pres-
ent in the aliphatic a lcohols of human sebum are 
also found in the fatLy acids of seba of all animals 
studied so far: there are usually also small amounts 
of dienoic fatty acids. Nicolaides et aL ( 1972) have 
presented mass spectrometric evidence that in 
addition to the iso and anteiso branched chains, a 
small JJroportion of the fatty acid~ in both aduH 
human sebum and in vernix caseosa has other 
monomethyl branched and dimethyl branched 
chains as well (see Table lV); the methyl group in 
the other monomethyl branched acids was pre-
dominantly at position 4. According to Wheatley 
and James (1957), the seba of rat, guinea pig, and 
rabbit con~ain "highly branched" fatty acids; 
however, their data were based on gas chromato-
graphic mobilities only and have not been con-
firmed. 
In Table IV, the fatty acid composition of the 
monoester waxes and sterol esters of adult human 
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sebum. vernix caseosa, and rat and mouse sebum follows preferentially the " a6 pattern, " i.e., the 
are compared. There are two distinctly different double bond is located either at ~6 or at a position 
patterns of hydrocarbon chain distribution within that results when a C ,.. 20 : A6 chain is either 
these fa{ty acids: Il l The fatty acids of monoester extended or degraded at the carboxyl group by an 
waxes from al l the species studied and of sterol imegral number of C, units; the main apparent 
esters from adult h uman and mouse sebum resem- precursor is C' 16 : a 6. (ln other tissues. ~9 patte rn is 
ble each other in showing a high coment of found with C '": A9 as the main precursor.) In the 
monounsaturated chains and relatively low con- sebaceous glands of t he rat and the mouse. the ~9 
centrations of branched chains. (2) The fatty acid pattern is predominant: the chief apparent p recur-
spectra of the sterol esters from vernix caseosa and sor is C ,. : A9 in the ra t and C '": ~9 in the mou~e. 
rat sebum are ~trikingly sim ilar and differ from the rn the ,·ernix caseusa. the total monoenoic acids 
others by hav ing relatively high contents of"" and the monoenoic acids of the monoester waxes 
branched saLUrated chains with lower percentage show mostly the " human ., a 6 pattern, whereas 
monounsaturated chains than the others; they more than two-thirds of the sterol ester monoenes 
also diller from the monoester wax fatty acids (rom and most of the diester wax monoenoic acids have 
the same sources by having lon~er chains. the " rodent" A9 pattern. So far, lhe inforrnation is 
Nicolaides' group bas done pioneer work in too sparse lo det ermine whether the double-bond 
elucidating the double- bond posit ions in the mono- pattern is entirely s pecies specific or whether the 
ene fatly acids and alcohols of sehum (for refer- A6 pattern is typical of certa in lipid classes (lri -
ences. see Table V). They have found that the glycerides and hence free fatty acids, monoester 
doubl e-bond position in human sebum monoenes waxes. and certain sterol esters) and the ~9 pat-
TABLE IV 
Fat tv acid composition of u;axe.~ and sterol ester~ of sebum 
Mnnoe~l er waxe~ Sterol munoe:,ter~ 
Human Human 
Rat MuusP Rat Mouse 
Adult Verm:x Adult Vernix 
Reference: 0 a b c 0 a b c 
Saturated 
Straight chain 19.:2 10.:l 6.0 27.0 26.9 7.7 12.1 25.1 
Branched chain 
lso and antei•o 5.:l 12.i 29...1 21.1 8.fi 5i.i 52.5 12.:~ 
Other 2.4 2.0 2.3 tr 
A1onounsoturated 64...1 66.5 6::!.9 46.6 54.0 29.-1 29.5 55.:3 
Strail(ht chain -15.4 .'\4.9 44.6 24.9 
!so and anteiso 19.0 I L.6 9.4 4.5 
Diun.saturated 4.0 6.0 0.2 8.:3 :3.i 5.9 2.0 
C12 and longer chains 1.3 O.i 2.1 13.5 5.3 32.9 18.4 49.5 
a. Nicolaides et al., 1972; b. :'\ ikka ri. 1965: c. Wilkinson and Karasek. 1966. 
TABLE V 
Double-bond po.~ition.s in the monounsaturated fatty acid~ and alcohols of seba from different species 
Human 
Rat :Vlouoe 
Adul1 Verni-x caseo:,a 
Fattv acid.~ ( FA) 
Total FA Most ly ~6· Mostly ~9" Mostly £l9< 
Monoester wax f'A" 98 mole'·< .16 87 mole'l .16 
1 mole"'t ~9 12 mole<;; ~9 
Sterol ester FAd 89 mole'!! ~6 30 mole<;; ~6 
11 mole<rr ~9 70 mol eo/. ~9 
Type n diester FA' M ostly Ll9 I 
Free FA' Mostly ~6 
Monohydric alcohoL~· Mostly .:l6 
a. Nicolaides and Ray, 1965; b. 'icolaides and Ansari, 1968: c. Wilkinson, 1970: d. Nicolaides et al., 1972; e. Ansar i 
et a l. , 1970; f. Nicolaides et al.. 1964: ~· Nicolaides. 196i. 
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TABLE VI 
Percentage composition of fatty acids of type ll diester waxes 
. Human vemi.• caseosa Rat Mouse Guinea Dog pig 
Reference: a b c b b d e b b e 
Saturated 
Straight 32.4 28.4 37.9 34.8 38.3 50.9 45.5 57.9 35.6 32.0 
Branched ' 33.7 37.0 28.1 46.1 13.7 7.2 13.5 17.8 60.2 68.0 
Unsaturated 31.9 34.6 34.0 19.1 48.0 38.2 40.9 24.3 4.2 -
C,. and shorter 11.6 7.9 6.3 3.0 1.1 0.7 1.0 0.5 3.0 5.4 
C,. and longer 8.4 14.1 3.7 43.8 ... 24.6 14.4 28.9 30.7 10.1 2.6 
a. Kiirkkiiinen et al.. 1965: b. Nikkari, 1969: c. Ansari et al., 1970; d. Wilkinson and Karasek , 1966; e. Nicolaides, 
1970. 
tern to others (diester waxes and certain sterol 
esters). If the latter is true, then, e.g., the mouse 
would be exhibiting the A9 pattern mainly because 
of the high content of diester waxes in its sebum 
(Table III). 
'T'o account for the di1Ierent fatty acid spectra of 
waxes and sterol esters in vernix caseosa (Tables 
[V and V). Nicolaides et al. (1972) speculated that 
the fatty acids of the waxes originate from the 
sebaceous glands, whereas a part of the sterol ester 
fatty acids are derived from the epidermis. Accord-
ing to Tables IV and V, it is also possible that there 
are two types of sterol esters: one is formed by the 
sebaceous glands, has the fatty acid spectrum 
shown in Table IV for the rat and vernix sterol 
esters, and possesses the A9 double-bond pattern; 
the other either is excreted by the sebaceous glands 
or, as suggested by Nicolaides et al. (1972), is 
formed on the skin surface by (trans) esterification 
of the free cholesterol, originating from the epider-
mis, with fatty acids of sebaceous origin present on 
the skin surface. In adult human sebum. which 
contains less sterol esters than vernix caseosa and 
rat sebum, the sterol esters formed by the latter 
mechanism would predominate, whereas the sterol 
esters of vernix caseosa and rat sebum would 
represent the former mechanism. 
The fatty acid composition of Type II diester 
waxes shows a far greater species specificity than 
that of monoester waxes and sterol esters (Table 
VI); this specificity is not obscured by interlabora-
tory variations. One would expect to find some 
similarities in composition within related species, 
e.g., the rodents. However. the fatty acids from the 
rodents do not show any peculiarities that would 
distinguish them as a group from other mammals, 
but they can be easily differentiated from each 
other. 
Sterols and Sterol Esters 
An excellent review of cholesterol metabolism in 
the skin was written by Kandutsch (1964). Two 
pathways of cholesterol biosynthesis from lano-
sterol skin in rat and preputial gland were demon-
strated by Wilson (1963). In whole rat skin, 87 per-
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Frc. 2: The "Kandutsch- Russel" or "saturated side 
chain" pathway of cholesterol biosynthesis and a gas-liq-
uid chromatogram of human skin surface sterols showing 
the presence of some members of this pathway. The 
position of reference desmosterol is also shown. The 
sample: trimethyl silyl ethers of digitonin-precipitable 
sterols of sebum obtained from foreheads of 6 subjects by 
acetone swabs. Column: 1% DC 560; 6ft.: 230• C. 
the "Kandutsch-Russel" or "saturated side chain., 
pathway (Clayton et al. , 1963) with lathosterol 
alone contributing 37 percent, whereas desmos-
terol , the last intermediate in the "unsaturated 
side chain'' or ''Bloch" pathway, amounts to only 7 
percent. The major intermediates found in human 
sebum (Fig. 2), human vernix caseosa, and the 
sebum of the rodents (Table VII) also belong to the 
Kandutsch- Russel pathway. 
Human sebum has a relatively high concentra-
tion of squalene, which is virtually absent from 
seba of other mammals studied (Tables I and II). 
On the other hand, adult human sebum has very 
little cholesterol, either free or esterified, compared 
with the hair lipids of rodents and sheep (Tables I 
and II). The main site of squalene synthesis in 
human skin is the sebaceous gland whereas sterol 
synthesis occurs mainly in the keratinizing epider-
mis (N icolaides and Rothman, 1955). Therefore, 
the high concentration of squalene in human 
sebum apparently results from an inability of the 
human sebaceous gland to convert it to sterols. 
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TABLE Vll 
Auera~e percenta~e composition of total sterols in mammalian seba 
Human Guinea Rat Mouse Rabbit Sheep 
Adult Newborn• pi!( 
Reference: a b c d e e e e b I 
5a:-cholestan-3fl-ol( cholestanol) 2 1.7 10 
5-cholesten -311-ol (cholesterol) 93 91 79 27 56 36 88 91 38 41 
5, 24-cholestad ien-3fl-ol! desmo- 0.08 
sterol) 
7 -cholesten·3tl-ol(lathosterol) 3.0 17 39 43 64 9 3 
Cu ... sterols 1.6 } 2.1 23 C10 sterols 2.1 0.4 10 48 59 
5, 7-cholestadien-311-ol (7-dehydro- 0.08 0.1 < 0.01 0.06 - -
cholesterol) 
• Vernix caseosa 
a. Nikkari, unpublished work (see Fig. 2): b. Wheatley, 1956; Boughton and Wheatley, 1959; c. Miettinen and 
Luukkainen, 1968: d. Nikkari and Haahti, 1964: 1\:ikkari. 1965: e. Wheatley and ,James, 1957; f. Downing et al., 1960. 
Whether any sterols at all are synthesized by the 
human sebaceous gland is st ill unclear . According 
to Kellum (1967), there is only 0.7-1.0 percent 
cholesterol in the lipids of isolated sebaceous 
glands. but since these glands contain a high 
proportion of immature cells in which the synthetic 
pathway may not have gone to completion. these 
figures do not necessarily reflect the cholesterol 
content or final sebum. On the other hand, the 
figures given by Kellum may represent cholesterol 
coming from the dermis during the isolation of the 
sebaceous glands. 
Human sebum from skin areas poor in sebaceous 
glands has a low squalene and a high free-choles-
terol content, and sebum from skin areas rich in 
sebaceous glands has a high content of squalene 
and a very low content of total cholesterol, most of 
which is esterified (e.g., Greene et al., 1970). 
Accordingly, it has been assumed that the free 
cholesterol originates mainly from the epidermis 
and the esterified cholesterol, together with squa-
lene, from the sebaceous glands (Nicolaides. 1963). 
This could be used to differentiate sterols of 
epidermal and sebaceous origin. However, the 
epidermis of several species is able to esterify 
cholesterol (Freinkel and Aso, 1969) ; moreover, a 
clear sterol ester fract ion was observed in the skin 
surface lipids obtained from a rat in which seba-
ceous gland activity had been suppressed by hypo-
physectomy and estrogen treatment (Nikkari and 
V alavaara. 1970). It is therefore difficult to know 
what proportion of the skin surface and hair sterols 
arises from the sebaceous glands and from the 
desquamating epidermal cells. It was suggested by 
Wilson (1963) that the sebaceous glands preferen-
tially use the Kandutsch- Russel pathway, the 
intermediates of which were known to be mainly 
esterified, and that the epidermis uses predomi-
nantly the Bioch pathway, the intermediates of 
which are generally free. However, on human skin 
surface, both the free and esterified sterols have 
the same percentage of lathosterol. the Kan-
dutsch- Russel intermediate (Nikkari. unpublished 
observations). This means either that both free 
and esterified sterols are synthesized by the seba-
ceous glands or that the epidermis also uses the 
Kandutsch- Russel pathway; it does not exclude 
the existence in the epidermis of the Bloch path-
way which could run easily to completion without 
any rate-limiting step between desmosterol and 
cholesterol. In any case, it appears that neither the 
degree of esterification nor identification with 
either one of the biosynthetic pathways can be 
used to assess the origin of the skin surface sterols. 
The human vernix caseosa as well as rodent and 
sheep seba have appreciably higher contents of 
sterols than human skin surface lipids (Table l). In 
vernix and in rat sebum most of the sterols are 
esterified (Table m and their fatty acids contain a 
high proportion of branched chains (Table IV), 
which are considered to be chiefly of sebaceous 
origin. The vernix and adult sebum resemble each 
other by their high squalene content; apparently 
the virtually complete block between squalene and 
sterols in adu.lt human sebaceous glands is only 
partial in the fetal glands, or the vernix caseosa 
sterols have a nonsebaceous origin. fn fetal skin 
there seems to be an additional ra te-limit ing step 
(Table Yin, i.e., impaired conversion of latho-
sterol to cholesterol, which is also present in the 
skin of the rat and the mouse. The high content of 
lanosterol and dihydrolanosterol in sheep sebum 
indicates yet another site of impaired cholesterol 
biosynthesis. Only the skin of rabbit and guinea 
pig seems to be able to carry out complete choles-
terol biosynthesis without accumulating large 
amounts of some precursors. However. the total 
sterol content in rabbit sebum is very low, and the 
high concentration of type I diester waxes (Table 
III), at least some of which obviously originate 
from the epidermis, suggests that most of its 
sebum cholesterol comes from the epidermis, as in 
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man. Kandulsch ( 1964) speculated about the pos-
sibility of biochemical mechanisms responsible for 
these metabolic blocks along the biosynthetic route 
, of cholesterol, but experimental evidence is lack-
ing. 
LIPIDS OF PREPUTIAL GLANDS OF RODENTS 
Although morphologically preputial glands are 
true sebaceous glands, their lipid composition is 
entirely different from that of the sebaceous glands 
of the same species. Table II shows the lipid class 
composition of the preputial glands of the rat and 
the mouse. It is obvious that they differ apprecia-
bly from each other. Unlike sebum, rat and mouse 
preputial glands have a high triglyceride coment. 
Nicolaides (1965) ;:;tated that the adherence of 
subcutaneous fat to excised rat preputial gland 
may account, in part at least, for the large amount 
of lriglycerides found: from the thin-layer chro-
matograms of Sansone and Hamilton (1969) it 
appears that the glands of both species have about 
the same triglyceride concentration. 'T'he fatty 
acids of mouse preputial gland triglycerides differ 
1 from those of human sebum and vernix caseosa bv 
having \'irtually no branched chains (Sansone and 
Hamilton, 1969; Snyder and Blank. 1969). 
In addition to triglycerides, the mouse preputial 
gland contains glyceryl ether diesters. i.e., an 
approximately equal proportion of alk-l-enyl and 
alkyl diglycerides (Fig. 1). which are absent from 
the correspond.ing gland of the rat (Nicolaides, 
1965; Sansone and H amilton, l969) and have not 
been shown to be present in skin surface lipids of 
any species. 
The preputial gland lipid of the mouse has a high 
content of monoester waxes wherea>. the monoester 
wax-sterol ester fraction of the rat gland consists 
mainly of sterol esters (Nicolaides. l965: Sansone 
and H amilton, 1969). The alcohols of the mouse 
waxes differ from those of mouse sebum bv possess-
1 ing virtually no branched chains and b): being of 
relativel y short-chain length (from C,. to C,8 with 
maximum content at C, 6 ). 'T'he diester waxes 
typical of the skin surface lipids of the rodents are 
completely absent from t he preputial glands. In-
stead, the preputial gland of the male mouse has a 
small fraction (5(i( of total lipids) with a thin-layer 
chromatographic mobility intermediate between 
those of type I and U die!'.ter waxes; this was shown 
by Spener et a!. ( 1969) to be composed of long-
chain (mainly c,.) alkyl acetates. 
The rat preputial gland has a higher s terol 
content than the mouse glands. The ral gland also 
contains a small amount of squalene; its sterol 
1 pattern tWibon. 1963) rel:.embles that oft he sebum 
(Table VII): the intermediates belong to the Kan-
dutsch-Russel pathway and there is an apparent 
rate-limiting s tep between lathosterol and choles-
terol. The s terols are actually the only constituents 
of preputial and sebaceous gland lipids that resem-
ble each other. 
LIPIDS OF PREEN Gl.ANDS OF' BIROS 
Although the preen glands of the birds are nol 
true sebaceous glands. they nevertheless contain 
lipids which structura lly resemble the lipids of 
mammalian sebum. The major components of the 
preen gland lipids of the waterfowl order (swans, 
ducks. geese) are monoester waxes (Haahti et al .. 
1964; Odham, 1967). which differ from the mam-
malian waxes by being completely saturated and 
possessing predominantly branched chains; they 
are either 2- or 4-methyl. 2.4-dimethyl-, 
2, 4 , 6-trimethyl-. or 2, 4, 6. 8-letramelhyl-sub-
slituted (Odman. 1967). Moreover. other birds. 
like fa lcons and owls, have monoester waxes as 
major constituents of their feather lipids ( Haahti 
et al. , 1964). 
Most of the preen gland lipids of fowl- like birds 
(hen, partridge, pheasant, turkey) have a chro-
matographic mobility similar to that of mammalian 
diester waxes and they give rise to diols and fatty 
acids upon saponification (Haahti et a!.. 1964: 
Nicolaides et al., 1968). 'T'he diols from chickens 
have been identified as alkane-2, 3-diols with 23-~4 
carbon atoms (Haahti and Fales, L967). Appar-
ently the parent compound consists of a diester of 
the 2,3-diol with unsubstituted fatty acids and it 
resembles the type II diester waxes of mammalian 
sebum, in which, however, the diol is 1,2- rather 
than2 ,3-. 
The preen gland lipids of ring doves have been 
reported (.Jacob and Zeman, 1972) to contain 
diesters of hvdroxv fatty acids (maximum content 
at C10) with straight-c-hain even-numbered fatty 
acids (maximum at C 18 ) and alcohols (maximum 
at C,e). These compounds are similar to the type [ 
diester waxes in mammals except that they have 
the hydroxyl group at pos1tion 3 rather than at 
position 2. 
REFERE!'CES 
Ansari, M. N. A., Fu, H. C., and Nicolaides, N. (1970). 
Fatty acids of the alkane diol dieslers of vernix 
caseosa. Lipids, 5: 279-282. 
Bergelson, L. D. (1969). Diol lipids. 1n: Prowess in the 
Chemistry of Fats and Other Lipids . Vol. X, Part 3 
(ed. by Holman, R. T .). Pergamon Press, Oxford, pp. 
239-286. 
Boughton, B., and Wheatley, V. R. (1959) . Studies of 
sebum. 9. Further studies of the composition of the 
unsaponifiable matter of human forearm ·sebum.' 
Biochem. J., 73: 144-149. 
Clayton, R. B., Nelson, A. N., and Frantz. I. D. ( 1963). 
The skin sterols of normal and triparanol -lreated 
rats. J_ Lipid Res. , 4: 166- 178. 
Downing, D. T. (1963). The fatty acid composition of 
vernix caseosa. Aust. J. Chern .. 16: 679-682. 
Downing, D. T. (1970). Lipolysis of humru1 skin surface 
debris in organic solvents. J. Invest. Dermatol., 54: 
395- 398. 
Downing, D. T., Kranz. Z. H. , and Murray, K. E. (l960l. 
Studies in waxes. XIV. An investigation of the 
aliphatic constituents of hydrolyzed wool wax by gas 
chromatography. Aust. J . Chern .. 13: 80-94. 
Downing, D. T., Strauss, J. S., and Pochi. P. E. ( t969). 
Variability in the chemical composition of human 
skin surface lipids. J. Invest. Derma to! .. 53: 322-327. 
Freinkel , R. K., and Aso, K. (1969). Esterification of 
266 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
cholesterol in the skin. J. Invest. Dermatol., 52: 
148-154. 
Freinkel. R. K., and Shen, Y. (1969). The origin of free 
fatty acids in sebum. II. Assay of the lipases of the 
cutaneous bacteria and effect of pH. J. Invest. 
Dermatol., 53: 422-427. 
Greene, R. S., Downing, D. T., Pochi. P. E., and Strauss, 
J. S. (1970). Anatomical variation in the amount and 
composition of human skin surface lipid . J . Invest. 
Dermatol., 54: 240-247. 
Haahti, E. (1961). Major lipid constituents of human 
skin surface with special reference to gas-chromato-
graphic methods . Scand. J. Clin. Lab. Invest. , 
13(Suppl. 59): 1-108. 
Haahti, E. 0. A., and Fales, H. M. (1967) . The uropygi-
ols: Identification of the unsaponifiable constituent 
of a diester wax from chicken preen glands. J . Lipid 
Res., 8: 131- 137. 
Haahti, E. 0. A., and Horning, E. C. (1963). Isolation 
and characterization of saturated and unsaturated 
fatty acids and alcohols of human skin surface lipids. 
Scand. J. Clin. Lab. Invest., 15: 73-78. 
Haahti, E., Lagerspetz, K., Nikkari, T., and Fales. H. M. 
(1964). Lipids of the uropygial gland of birds. Comp. 
Biochem. Physiol., 12: 435-437. 
Jacob, J ., and Zeman, A. ( 1972). Das Burzeldrusensekret 
der Ringeltaube (Columba palumbus) . Hoppe-Sey-
ler Z. Physiol. Chern., 353: 492-494. 
Kandutsch , A. A. (1964) . Sterol metabolism in skin and 
epidermis. In: The Epidermis (ed. hy Montagna, W., 
and Lobitz, W. C., Jr.). Academic Press , New York, 
pp. 493-510. 
Kiirkkiiinen , J., Nikkari, T., Ruponen, S., and Haahti, E . 
(1965). Lipids in vernix caseosa. J. Invest. Der-
matol., 44: 333- 338. 
Kellum, R. E. (1966). Isolation of human sebaceous 
glands. Arch. Dermatol. , 93: 610- 612. 
Kellum, R. E. (1967). Human sebaceous gland lipids. 
Analysis by thin-layer chromatography. Arch. Der-
matol., 95: 218- 220. 
Marples, R. M., Downing, D. T., and Kligman, A. M . 
(1971) . Control of free fatty acids in human surface 
lipids by Corynebacterium acnes. J. Invest. Der-
matol., 56: 127- 131. 
Mattson, F . H ., and Volpenhein, R. A. (1969). Relative 
rates of hydrolysis by rat pancreatic lipase of esters 
of C.-C .. fatty acids with C,- c,. primary n-alcohols. 
J . Lipid Res., 10: 271-276. 
Mattson, F. H., and Volpenhein, R. A. (1972). Digestion 
of the mono- and diesters of hexane-1, 6-diol by 
pancreatic lipase. J. Lipid Res., 13: 256-262. 
Miettinen, T. A. , and Luukkainen , T. ( 1968). Gas- liquid 
chromatographic and mass spectrometric studies on 
sterols in vernix caseosa, amniotic fluid and meconi-
um. Acta Chern. Scand., 22: 2603-2612. 
Montagna, W. (1963). Comparative aspects of sebaceous 
glands. In: Advances in Biology of Skin. Vol. 4. The 
Sebaceous Glands (ed. by Montagna, W., Ellis, R. 
A., and Silver, A. F.). Pergamon Press, Oxford. pp. 
32-45. 
Nicolaides, N. (1963). Human skin surface lipids-origin, 
composition and possible function. In: Advances in 
Biology of the Skin. Vol. 4. The Sebaceou.s Glands 
(ed. by Montagna, W., Ellis, R. A., and Silver, A. 
F.). Pergamon Press, Oxford, pp. 167- 187 . 
Nicolaides, N. (1965). Skin lipids. D. Lipid class compo-
s ition of samples from various species and anatomi-
cal sites. J. Am. Oil Chern. Soc., 42: 691-702. 
Nicolaides, N. (1967). The monoene and other wax 
alcohols of human skin surface lipid and their 
relation to the fatty acids of this lipid. Lipids, 2: 
266-275. 
Nicolaides, N., and Ansari, M. N. A. (1968). Fatty acids 
of unusual double-bond positions and chain lengths 
found in rat skin surface lipids. Lipids. 3: 403-410. 
Nicolaides, N., and Foster, R. C. (1956). Esters in human 
hair fat . J. Am. Oil Chern. Soc., 33:404- 409. 
Nicolaides, N., Fu, H. C., and Ansari, M. N. A. (1970). 
Diester waxes in s urface lipids of animal skin . 
Lipids, 5: 299-307. 
Nicolaides, N., Fu, H. C., Ansari, M. N. A., and Rice, G. 
R. ( 1972) . The fatty acids of wax esters and sterol ~ 
esters from vernix caseosa and from human skin 
surface lipid. Lipids, 7: 506-517. 
Nicolaides. N., Fu, H. C., and Rice, G. R. (1968). The skin 
surface lipids of man compared with those of eight· 
een species of animals. J. Invest. Dermatol., 51: 
83-89. 
Nicolaides, N., and Kellum, R. E . ( 1965). Skin lipids. I. 
Sampling problems of the skin and its appendages. 
J. Am. Oil Chern. Soc., 42: 685--690. 
Nicolaides, N., Kellum, R. E., and Woolley, P. V. , Ill . 
(1964). The structures of the free unsaturated fatty 
acids of human skin surface fat. Arch. Biochem. 
Biophys .. 105: 634-639. 
Nicolaides, N., and Ray, T. (1965). Skin lipids. ill. Fatty 
chains in skin lipids . The use of vernix caseosa to 
differentiate between endogenous and exogenous 
components in human skin surface lipid. J. Am. Oil. 
Chern. Soc., 42: 702-707. ~ 
Nicolaides, N ., and Roth man, S. ( 1955) . The site of sterol 
and squalene synthesis in the human skin. J. Invest. 
Dermatol.. 24: 125-129. 
Nicolaides, N., and Wells, G. C. (1957). On the biogene-
sis of the free fatty acids in human skin surface fat. J. 
Invest. Derrnatol., 29: 423-433. 
Nikkari, T. (1965). Composition and secretion of the skin • 
surface lipids of the rat; effects of dietary lipids and 
hormones. Scand. J. Clin. Lab. Invest .. J7(Suppl. f 
85): l - 140. 
Nikkari, T. (1969). The occurrence of diester waxes in 
human vernix caseosa and in hair lipids of common 
laboratory animals. Comp. Biochem. Physiol. , 29: 
795-803. 
Nikkari, 1'., and Haahti. E. (1964). The composition of 
rat skin surface lipids. Analysis of the saponifiable 
and nonsaponifiable fractions. Acta Chern . Scand., 
18: 671-680. 
Nikkari. T., and Haahti, E. ( 1968). Isolation and analysis 
of two types of diester waxes from the skin surface 
lipids of the rat. Biochim. Biophys. Acta, 164: 
294-305. 
Nikkari, T., a nd Valavaara, M . (1969). The production of 
sebum in young rals; effects of age, sex, hypophysec-
tomy and treatment with somatotrophic hormone 
and sex hormones. J. Endocrinol., 43: 113-118. 
Nikkari. T .. and Valavaara, M. ( 1970). The iniluence of -
age, sex, hypophysectomy and various hormones on 
the composition of the skin surface lipids of the rat. 
Br. J. Dermatol., 83: 459-472. .. 
Odham, J. (1967). Studies on feather waxes of waterfowl. 
Arkiv. fOr Kemi, 27: 295-307. 
Sansone, G., and Hamilton, J . G. (1969). Glyceryl ether, 
wax ester and triglyceride composition of the mouse 
preputial gland. Lipids. 4: 435- 440. 
Snyder, F., and Blank, M. L. (1969). Relationships of 
chain lengths and double bond locations in 0-alkyl, 
0-alk-1-enyl , acyl, and fatty alcohol moieties in 
preputial glands of mice. Arch. Biochem. Biophys., 
130: 101- 110. 
Spener, F., Mangold , H. K., Sansone, G., and Hamilton, 
J . G. (1969). Long-chain alkyl acetates in the prepu-
tial gland of the mouse. Biochim. Biophys. Acta, 
192: 516- 521. 
Tiedt, J., and Truter, E. V. (1952). The constitution of 
some wool wax esters. Chern. lndustr. , p. 403. 
Wheatley, V. R. (1954). Studies of sebum 5. The compo-
sition of some sebum-like materials of human origin. 
Biochem. J., 58: 167-172. 
Wheatley, V. R. (1956). Sebum: Its chemistry and 
biochemistry. Am. Perfumer, 68: 37- 47. 
Wheatley, V. R. (1963). Problems in the analysis of 
sebum. In: Advances in Biology of Skin. Vol . 4. The 
Sebaceou.s Glands (ed. by Montagna, W., Ellis, R. A., • 
COMPAHATJVE CHEMISTRY OF' SEBLIM 267 
and , ilver. A. F' .) Pergamon Pres.'l. Oxford, pp. 
13S 14i. 
Wheat lev, \'. R .• and .lame~. A 1'. ( 19fliJ. Studies of 
sebum i . fht> compo:-llion uf the sehum of ~orne 
common rudents. Biochem . • 1 .. 6.5 .· 36 ·42. 
Wilkinson. D l. ( 19i0l. Monounsaturated fall\ acids of 
mouse !'kin surface lipid!>. Ltpids. 5.· 148 149. 
\\'ilkin~on, D 1.. 8nd Kllra-ek. :\1. A. ( 19fJ6\. Skin lipids 
of a normnl and a mutant (asebicl mouse st rain. J . 
Invest. Dermatol.. 47· 149 455. 
Wilson. J . D. ( 196.11. Studil'!l on the regulation of 
cholesterol synthl'lli~ 10 the skin and preputial gland 
of the rat. In · Aduance~ m Biola~ of Skin . Vol. 4. 
Thf.' Sebaccou' Gland~ led. hy Montagna, \\'.,Ellis. 
R. A .. and Sil,er. A F' J Pergamon Press. Oxford, 
pp. I~ 166. 
